A reforestation effort in Kianjavato Commune in southeast Madagascar is presented that combines native diversity with rapidly growing introduced and native pioneer trees. This work utilizes a three-tiered corridor design that capitalizes on the region's mountainous terrain. The process of seed selection, transplantation, and survival rate of seedlings over a 16 month period is reported. The uppermost 50% of each mountain is planted with 38 woody species and most closely approximates native forest. This tier was divided into two categories, pioneer and secondary species. Most of the pioneer species were not native; however, results showed that four fast-growing, environmentally-tolerant native species could be suitable alternatives: Streblus mauritianus, Syzygium bernieri, Treculia madagascariensis and Uapaca thouarsii. More than 70,000 seeds of secondary species were extracted from fecal samples from wild, free-ranging black and white ruffed lemurs; the majority of which germinated significantly better after gut passage. The most effective pretreatment that enhanced germination was to scarify unwashed seeds. Commercially valuable trees, belonging to the community members, were grown on the lower half of each mountain. Lastly, the various contributions of the community are described along with agroforestry development plans designed to reduce pressure on forest resources and generate supplemental income.
Introduction
Madagascar is world-renowned for its unique biodiversity with entire families of endemic plants and animals. Ensuring the survival of these species is complicated by the poorly regulated use of the country's natural resources. As of 2010, more than 80% of Madagascar's 16 million rural residents were living below the poverty line [1] and the World Bank [2] reported that 90% of people living in extreme poverty depend on forest resources as a direct means of support. The combination of poverty and a skyrocketing population has contributed to Maplecroft [3] ranking Madagascar fifth in the world of countries at "Extreme Risk" on the Climate Change Vulnerability Index reflecting the country's perceived inability to withstand climate change.
The country's vulnerability to changing weather patterns coupled with rapid deforestation and political instability threaten Madagascar's citizens and wildlife. More than 40% of Madagascar's forests were estimated to have been lost between 1950 and 2000 with the deforestation rate escalating since the political coup in 2009 [4] [5] [6] . To ensure the survival of Madagascar's wildlife, numerous conservation programs have concentrated on forest corridor identification, protection, and restoration as well as reforestation [7, 8] .
Two basic methodologies are typically utilized to develop reforestation programs [9] . The first approach uses large numbers of species associated with various successional stages that are planted at high densities, and interactions among this original set of seedlings determine the final forest community [9, 10] . This method is similar to the "framework 2 International Journal of Ecology species method" [11] and was implemented in a Brazilian Amazonia restoration program on a postproduction bauxite mining site [12] . The restored forest composition was similar to that of nearby undisturbed forests after 13 years, but structural recovery had not yet been attained [10] . A similar effort was undertaken in northern parcels of Masoala National Park, Madagascar, using 16 native tree species preferred by frugivorous lemurs, and was designed to reconnect forest fragments by creating corridors [13, 14] .
The second, more economical approach described by Lamb et al. [9] uses a small number of fast-growing, shortlived tree species to create a canopy. The established canopy shades out competing vegetation and allows for natural colonization from nearby forests primarily from seed dispersal by frugivorous animals [15] [16] [17] . This method is similar to the protocol followed by the Bureau de Développement d'Ekar Mananjary in Madagascar that created monoculture plantations of the introduced tree, Acacia mangium (personal communication). The rationale of planting this fire-resistant tree comes from the expectation, as with other legumes, that improvements to soil quality through nitrogen fixation and the presence of a forest canopy will promote natural regeneration [18] .
This study concentrates on a pilot project conducted in Kianjavato, Madagascar, that combines native species and fast growing pioneer trees in a large-scale communitybased reforestation and agroforestry initiative. Within this commune is the Foibe Fihofanana momba ny Fambolena (FOFIFA) Kianjavato Coffee Reserve on Sangasanga mountain where substantial degradation was noted by Emberton [19] . Sangasanga and nearby isolated forest parcels are significant as they support two Critically Endangered lemurs, the greater bamboo lemur (Prolemur simus) and the black and white ruffed lemur (Varecia variegata).
A majority of Kianjavato's landscape is classified as degraded humid secondary lowland rainforest, savoka, that is, the result of slash and burn agricultural practices [20] . After several repetitions of slashing and burning, savoka is transformed into roranga or grassland [21] . Roranga is defined as short vegetation (0.4-1.5 m) dominated by grasses with scattered small trees or shrubs. Forests that are not targeted for agriculture are left fragmented and marooned in a landscape dominated by cropland with a periphery of abandoned roranga or savoka. This abandoned land provides an opportunity for the regrowth of a few fast-growing pioneer species but is often colonized by invasive plants such as Lantana sp. [22, 23] . This interrupts normal migration and foraging behaviors of resident fauna, which can be devastating for local populations of threatened species [24] .
To expand habitat and reconnect forest fragments in Kianjavato, the Education Promoting Reforestation Project (EPRP) was created. This grassroots program works directly with local leaders and residents to plant corridors across the roranga and savoka to connect the remaining vestiges of forests from the eastern to the western borders of Kianjavato Commune. These corridors are intended to accelerate natural colonization and succession and enable the movement of previously isolated wildlife. However, a limitation associated with large-scale reforestation efforts using native species is the production of sufficient quantities of seedlings adapted to the local environment. To maximize seedling production, it was predicted that utilizing seeds extracted from the feces of the black and white ruffed lemur, the primary seed disperser in Kianjavato's forest, would increase the production of seedlings in comparison to extracting seeds from ripe fruits as gut passage often increases germination performance [25] [26] [27] .
Although the conversion of forest to agricultural lands theoretically provides greater access to food, there is no mechanism in Kianjavato, Madagascar, to replace the ecological services provided by the razed forest. The EPRP model aims to restore ecosystem services by approximating a native forest using gut passed seeds and a modified framework species method [11] . To address the socioeconomic factors that led to the initial deforestation, the EPRP will provide supplemental income through the growth of timber and nontimber products to provide benefits to area residents greater than those extracted from slash and burn farming. With these objectives the present study was undertaken.
Methods

Site Description.
This research was conducted in the commune of Kianjavato, located in southeastern Madagascar between Ranomafana National Park and the coastal city of Mananjary. Kianjavato is within the Vatovavy-Fitovinany Region and the province of Fianarantsoa (Figure 1 ). The study was carried out as a pilot project in the eastern portion of Kianjavato Commune from Vatovavy Classified Forest across unprotected, deforested habitat to the Kianjavato Ahmanson Field Station (KAFS) operated by the Madagascar Biodiversity Partnership and Omaha's Henry Doorly Zoo and Aquarium ( Figure 2 ). The reforestation corridor included 11 mountains and nine valleys, with 80% of the area consisting of roranga and 20% of savoka. Valleys were intensively farmed, mostly for rice cultivation, and were not part of the reforestation project. In total, the area of the pilot project corridor was approximately 80 ha ranging from 75 to 350 m wide. All necessary permits were arranged through national and local Malagasy Ministry of Environment and Forests offices.
The natural vegetation surrounding Kianjavato is low elevation humid evergreen forest with a tree flora dominated by Anthostema and Myristicaceae [28] . The local topography is hilly with elevations ranging from 52 to 571 m and the local climate is characterized by an annual rainfall of 1,800 mm, falling mostly between the months of December and March. The mean annual temperature is 23.4 ∘ C, with monthly means ranging from 16.1 ∘ C in June to 30.7 ∘ C in January (FOFIFA weather station, 2011). During the rainy season, the region can experience devastating cyclones.
Community Acceptance and Involvement.
Prior to beginning any field-based work, the community was approached to gauge their interest and support for a local reforestation effort. Meetings were arranged with the mayor, representatives from each local village, Fokontany (the lowest recognized administrative subdivision) presidents, local traditional authority P e rm a n e n t ti e r
Timber tier
No n-tim be r tie r Figure 2 : The three-tiered corridor design incorporating a Permanent Tier composed of mainly native tree species on the upper 50% of hills, that is, not subject to harvest and two commercial layers, the Timber and Non-Timber Tiers, occupying the lower 50% of the hill that can be sustainably harvested. Agriculture on valley floors was not disrupted by this reforestation program.
figures, and school employees. The objective was to communicate the benefits of intact forests to the community, generate enthusiasm, obtain feedback, and reduce possible future land-use conflicts.
Corridor Design.
In order to develop a community-based cooperative program and establish permanent corridors for the biodiversity in this region, the landscape was divided into three tiers as follows: Permanent, Timber, and NonTimber ( Figure 2 ). The Permanent Tier occupies 50% of the land committed to the reforestation project and is situated on the upper half of the mountains. It predominantly includes species consumed by V. variegata and has the greatest diversity of all the tiers. This portion of the corridor most closely resembles the natural assemblage found in nearby intact forest patches with the addition of pioneer species to provide rapid canopy cover. The Permanent Tier will not be subject to harvesting and fulfills the role of restoring ecological services; the pilot project focused mostly on this tier.
The remaining half of the forest corridor is occupied by the Timber and Non-Timber Tiers. The Timber Tier occupies 35% of the corridor starting just below the Permanent Tier. It includes species most frequently used by the local community for fuel and construction. The species repertoire of this tier overlaps slightly with the Permanent Tier and will be subject to sustainable harvesting. The Non-Timber Tier provides fruit and other products of commercial value and was planted in the lowest 15% of the corridor nearly abutting the rice fields.
Species Selection.
There are two categories of trees within the Permanent Tier, pioneer and secondary species (Table 1; family affiliations follow APG III [29] and the Catalogue of the Vascular Plants of Madagascar [30] ). Four pioneer species were used for the reforestation corridor (Table 1) as they are considered to be fast growing and tolerant to both sun exposure and poor soil conditions. These include the introduced species, Albizia chinensis, A. lebbeck, and A. saman of the Fabaceae family, which is known for its nitrogenfixing abilities. The native Harungana madagascariensis was also used as a pioneer species. The secondary species of the Permanent Tier were collected from black and white ruffed lemur fecal samples from three sites in Kianjavato Commune: Ambatovaky, Sangasanga, and Vatovavy ( Figure 1 ). These species are typical of mature forests and represent the fruitbased portion of the lemurs' diets and were predicted to grow more slowly than the pioneer species. Suregada celastroides, Cryptocarya dealbata, and Dalbergia madagascariensis are included in the Permanent Tier as well as the Timber Tier as they are valued for their wood. The leaves, not the fruits, of the latter species are consumed by V. variegata. The Timber Tier also includes Croton mongue and Khaya madagascariensis that are frequently used by local residents for construction and as handles for tools. Additional species of economic importance were selected for the NonTimber Tier ( Table 1 ) that do not require harvesting of the tree itself but provide fruits and essential oils. These include Anacardium occidentale (cashew), Annona squamosa (custard apple, sweetsop, or zaty), Annona muricata (beef heart or soursop), Cinnamomum camphora (ravintsara), Moringa oleifera (ananambo), Persea americana (avocado), Tamarindus indica (tamarind), and Theobroma cacao (chocolate). Nephelium litchi (litchi) was added at a later date as it is a proven income generator and performs well.
Seed Collection, Germination, and Statistical Analysis.
Seeds of pioneer, timber, and non-timber trees were purchased from regional and local seed vendors. Seeds of secondary species were obtained by following black and white ruffed lemur groups and collecting fecal samples. Varecia variegata individuals were immobilized following the protocol described by Louis et al. [31] . Selected individuals from different family groups were fitted with radio collars to facilitate monitoring and collection of fecal samples by local field assistants [32, 33] . Fecal samples were bagged individually and collection was done throughout the year to ensure that all dominant food species were represented in the reforested corridors. Each plant species that was seen consumed by the black and white ruffed lemur was noted and marked and voucher specimens were identified by botanists at the national herbarium (TAN) and the first author.
Seeds were germinated in a nursery setting where seedlings were raised to be transplanted into the corridor. Seeds for pioneer, timber, and non-timber species were presoaked for 24 hours before sowing into cold frames as recommended by Comtet and Rabevohitra [34] , Manjaribe [35] , and the Silo Nationale des Graines Forestières (SNGF; unpublished data). Cold frames are simple structures that sit on the ground with enclosed sides and have lids made of light wooden frames with clear plastic stretched across them. The growing medium within the cold frames consisted of a mixture of local soil, compost, and sand. These were positioned under a nursery structure partially shaded by ravenala fronds.
Seeds for the Permanent Tier collected from black and white ruffed lemur fecal samples were subjected to six different treatments to identify the method with the highest germination success to maximize efficiency in seedling production. As seeds from the same fecal sample are not independent, seeds for each treatment per replicate for this study were collected from multiple fecal samples to reduce the likelihood of pseudoreplications [36] . Each treatment in a replication had 100 seeds for a total of 600 seeds per species per replication. Seeds extracted from fecal samples were subjected to four treatments: scarified and washed (SW), scarified not washed (SNW), not scarified and washed (NSW), and not scarified and not washed (NSNW). Seeds were also extracted directly from fruit and scarified (CS) or not scarified (CNS).
Significant differences in germination percentages of treatments were detected using an ANOVA. Althoughtests can be applied to balanced designs as in this work, the heteroscedastic nature of germination trials increases the probability of type 1 errors [36, 37] . Therefore, ANOVAs were followed by the Tukey HSD test [38] , which is more tolerant to data with unequal variance, but with balanced sample sizes.
Two species that were incorporated into the Permanent Tier were not part of the germination trials: Streblus maritianus and Dupuya haraka. The seeds of Streblus maritianus were too small to be scarified, and the seeds of Dupuya haraka were too large to be swallowed by the black and white ruffed lemur. The lemurs eat the fleshy portion of Dupuya haraka fruits and then drop the seeds to the ground. Thus, only data were reported for these species after transplanting seedlings to the field.
After germination, all seedlings were transplanted to polyethylene growing bags with drainage holes. Seedlings were maintained at the nursery for 90-210 days until they reached a height of 15-30 cm. Before planting into the corridor, seedlings were hardened off to better withstand full sun exposure for 15-45 days depending on the planting schedule.
Corridor Planting and Evaluation.
Bamboo stakes were spaced four meters apart following the contour of the reforestation corridor such that they were parallel to the steepest slope. Seedlings were planted at the base of each bamboo stake with a final density of 625 seedlings per hectare. Holes for the seedlings, approximately 40 cm 3 in size, were dug by hand by local residents participating in the pilot program. Grasses and ferns that were cut in the process of digging the holes were used as mulch around the seedlings to capture humidity and provide temporary shade and future biological compost. The area characterized as savoka was near the edge of the Vatovavy forest, which has shade provided by shrubs and trees indicative of this vegetation formation [21] . As the existing canopy was sufficient to provide shade for seedlings and the soil is of a higher quality than in roranga, only Permanent Tier species were planted here. In areas of roranga, species from all tiers were planted following the corridor design. Pioneer species were planted first, and the other species were interplanted among them.
Each seedling was assigned a unique ID number stamped on a metal tag nailed to a eucalyptus stake placed next to it. Seedling survival was evaluated at five and 16 months after planting. Stem basal diameter was measured using calipers at five cm above the root collar and height was measured from the base to the apex. Additionally, GPS coordinates were recorded for each seedling planted.
Results
Seed Germination.
For all taxa, seeds germinated an average of 12 to 25 days after sowing except for Albizia chinensis, A. saman, and Annona squamosa which took four to six days. Forty-five to ninety days after sowing, the number of seeds that produced shoots that broke the soil surface was recorded and used to calculate the percentage of seeds that successfully germinated per treatment.
Thirty-eight woody species representing 21 families were collected from V. variegata fecal samples and incorporated into the Permanent Tier (Table 1) . These species included shrubs, trees, and lianas. No significant negative effects of gut passage by V. variegata were observed on the secondary species subjected to the germination treatments except for Cryptocarya thouvenotii (Table 2) . Generally, gut passage enhanced germination as all variations of treatments for seeds extracted from feces of 25 species had significantly greater germination than those extracted from fruits ( < 0.05). Seeds can be collected from fruit or fecal matter for Cryptocarya and Noronhia species, as differences in the germination percentages for either sets of treatments were not significant. Other than these two genera, there were no clear treatment preferences favored between closely related species.
Seeds extracted from fruits of the following species did not germinate or had nominal germination (10% or less): Anthocleista longifolia, Beilschmiedia opposita, Burasaia madagascariensis, Dypsis fibrosa, D. mananjarensis, Macphersonia gracilis, Ocotea nervosa, Poupartia chapelieri, Protium madagascariensis, Sideroxylon betsimisarakum, and Uvaria combretifolia. Species-specific protocols can be derived from Table 2 , but the treatment with the highest overall germination percentage for Permanent Tier species was to scarify unwashed seeds. This treatment performed significantly better than all other treatments for seven species ( < 0.05) and had the highest germination percentages for 17 species (Table 2) 
Seedling Survival and Growth.
After one year, manual weeding was required around the seedlings to improve seedling survival and encourage noncompetitive growth. The first evaluation was performed in June 2010 and focused on the survival of pioneer seedlings. The second evaluation was carried out in June and August 2011 and included all species. The survival and growth of the seedlings in the corridor were used as measures of their performance. The proportion of seedlings that survived six to 16 months varied among site, category, and species.
The pioneer Albizia saman had the highest survival rate of Permanent Tier seedlings at 97.5%, followed by Harungana madagascariensis (94.7%) and Albizia chinensis (87.4%) one year after being planted into the reforestation corridor (Table 3) . Albizia lebbeck had the lowest survivorship of the pioneer species during the same time period. Predation by herbivores, especially on Albizia saman, was the greatest cause of death for the pioneer species.
Albizia chinensis had the highest relative growth rate in height and stem diameter with some individuals producing flowers and fruits after one year. This species had a mean relative growth rate of 18.7 cm in height per month and 0.2 cm in stem basal diameter. Six native secondary species outperformed the remaining pioneer species in growth rate (Table 3) .
Survival rates varied widely for secondary species. Poor performance was noted in Tina apiculata, both Chrysophyllum species, Dichapetalum chlorinum, and Ocotea nervosa. The death of the majority of seedlings for all of the aforementioned species occurred mostly in roranga, where survival rates ranged from 5.7 to 23.0%. However, rates improved when these seedlings were planted near the edge of the existing forest in savoka (53.0-80.0%). The native species with the highest survival rates in roranga and savoka were Anthocleista longifolia, Beilschmiedia opposita, Canarium madagascariense, C. boivinii, Cryptocarya dealbata, Dalbergia madagascariensis, Protium madagascariensis, Streblus maritianus, Suregada celastroides, Syzygium bernieri, Treculia madagascarica, and Uapaca thouarsii (80.0-100.0%), demonstrating a tolerance for harsher environmental conditions (Table 3) . The timber species Khaya madagascariensis (87.2%), Cryptocarya dealbata (85.4%), and Suregada celastroides (81.8%) had the highest seedling survival from nursery to corridor in this tier, which decreased to 39.0% for Croton mongue ( Table 3 ). The seedling survival data for C. dealbata and S. celastroides for the Timber Tier is independent of the Permanent Tier. All Dalbergia madagascariensis seedlings survived through the evaluation period, although very few were planted in comparison to most other species. This sought-after rosewood species attained the least amount of height amongst the timber species, but it expanded its girth quicker than others.
Eight species were selected for the Non-Timber Tier. The survival rates of Tamarindus indica and Persea americana trees were 100% during the evaluation period, although only a small number was planted. The survival rate of Cinnamomum camphora seedlings in the reforestation corridor was also high at 97%. Moringa oleifera and Theobroma cacao had the lowest survival rates, 48.7% and 59.8%, respectively. Both species of Annona had similar seedling survival rates (75.7-77.4%), which were close to that of Anacardium occidentale at 80.0% (Table 3) . Moringa oleifera is known for its medicinal properties and high protein foliage [39] as well as its waterclearing characteristics [40] . This tree had the highest growth rate of the Non-Timber Tier and expanded its girth faster than the quickest growing pioneer species, Albizia chinensis.
Community Participation.
Fifty-eight people from the Kianjavato Commune attended the first of the reforestation village meetings. This meeting resulted in a pledge by Fokontany and villages of four sites for the nurseries and the enrollment of 22 private landholders in the reforestation pilot project. To prevent future disputes on land enrolled in the reforestation program, the MBP prepared contracts that were signed by community and government officials. These contracts stipulate that nurseries are donated in perpetuity to the fokonolona (the people of the Fokontany) and that participation in the program is contingent upon leaving the Permanent Tier intact. Participants are able to sustainably harvest from the lower 50% of the reforested land that represents the Timber and Non-Timber Tiers. The consequences of violating this agreement will be determined by a local environmental code and enforcement body that was reinvigorated to protect remnant forests as well as reforested areas. In total, approximately 3,400 seedlings were voluntarily planted by community members on three separate occasions in 2010.
Discussion
Forest corridors increase the potential of maintaining viable populations of biota in fragmented landscapes by enhancing connectivity [41] [42] [43] [44] [45] . To improve the resilience of the corridor planted as part of the EPRP pilot project, a parallel corridor will be installed. This will create a zone between the corridors that is protected from anthropogenic disturbance thus promoting natural successional processes and expanding the width, a key factor expected to influence the vertebrate assemblage [46] . The high visibility tactic of linking the EPRP to the Critically Endangered black and white ruffed lemur maintains this species as a prominent subject of education events. Additionally, constant monitoring of groups reduces the opportunity for illegal hunting. Awareness efforts communicate the ecological services provided by V. variegata, a key seed disperser for Madagascar's lowland eastern forests [47] , especially for large seeds that exceed the gape of smaller frugivorous lemurs. Overdorff and Strait [26] confirmed the efficiency of this lemur as a seed disperser based on its home range size, daily path lengths, and seed intactness after digestion. This study demonstrated that seeds subjected to gut passage generally have a higher germination percentage than those extracted from the fruit, as has been shown in other studies [26, 27] . Therefore, these seeds are especially desirable for the quick and efficient production of seedlings for the reforestation effort. Five native tree species are possibly dependent on endozoochory for germination (Table 2) ; thereby restricting their use in more traditional reforestation programs. For the minority of species in this study whose germination was not affected by gut passage, the lemurs may still be important for dispersal away from the parent tree.
By extracting seeds from black and white ruffed lemur fecal samples from various collection sites, the EPRP built an inventory of genetically diverse large and small-seeded native tree species that were adapted to the environment. This provided high quality seedlings that are currently persisting through the establishment phase, which typically lasts between three and five years, while seedlings are in intense competition with weeds and especially vulnerable to environmental stresses [48] .
A typical indicator of success during the establishment phase is the survival rate of trees [49] . For this study, seedling survival was generally higher in savoka near the forest edge than in adjacent areas of roranga. This may be attributed to differences in microclimate conditions such as soil nutriment, shade, and humidity. Dichapetalum chlorinum, Ocotea nervosa, Chrysophyllum boivinianum, C. perrieri, and Tinopsis apiculata were observed to be sensitive to sun exposure as these seedlings survived well under a moderate canopy but did poorly in open grasslands. A higher survival rate of seedlings planted in sites with remnant trees compared to those planted in sites without a tree canopy was also reported from a Mexican cloud forest [50] and in a mountain forest in Costa Rica [51] .
Trends associated with poor seedling performance in exposed areas prompted the use of pioneers, especially Fabaceae species, to facilitate the growth and survival of young trees by ameliorating local microclimate conditions [52, 53] , improving soil chemical and physical properties [52, 54] , and suppressing aggressive grasses that could compete with forest seedlings [55, 56] . Three of the four pioneer species in this pilot program performed well with survival rates exceeding 80% in the corridor; however, two of the most successful species are not native, Albizia chinensis and A. saman (Table 3 ). The performance of Streblus maritianus, Syzygium bernieri, Treculia madagascariensis, and Uapaca thouarsii suggests that they could also be used as pioneers in reforestation efforts based on their survival rates in the nursery and the corridor as well as their high growth rates (Table 3) . These species can shift the dependency on using introduced species as pioneers to native species in Madagascar's humid forest.
Forest trees growing in open areas often fruit years earlier than when in a closed forest as reproductive maturity for many canopy tree species may be triggered by exposure to full sun, inducing fruiting as early as three years after germination [57, 58] . In this study, Albizia chinensis and Syzygium bernieri had fruit after 12 and three months, respectively. Establishment of a second generation of Malagasy native trees will be the first indication that the EPRP yielded a reproductive population of a target species. The growth and reproduction of these two fast-growing trees will result in stands stocked at 625 individuals/ha using the design of the pilot project and will facilitate natural regeneration by native woody plants in their understories [59] .
Seedling predation was clearly a factor influencing seedling establishment as some trees were subject to high levels of herbivory. It is widely recognized that high tree mortality can result from the effects of insect herbivores [50] . However, the average survival rate of 56.1% for secondary species in this study is comparable to that of the restoration of Ambatotsirongorongo, a newly defined protected area in the coastal forest of southern Madagascar, which utilized native species with a survival rate of 51% [24] . This study also exceeds the mean survival rate of 42.1% after one year for seedlings planted in the perimeter of a forest on Madagascar's central high plateau [60] . This may be due to the use of herbaceous plant material removed in the process of planting the trees as mulch around the seedlings and manual weeding after one year.
Drayton and Primack [61, 62] stressed that the success of programs that aim to establish new populations of perennials should be measured by the presence of subsequent reproductive generations. The existence of these young individuals would be an indicator that the reforestation program has transitioned from the establishment to the building phase, the period during which trees grow, reproduce, and die [48] . Therefore, an effective evaluation strategy for the EPRP will be a long-term effort reflecting the time frame of the trees' life cycles.
Another measure of success will be the EPRP's longterm effect on the rate of conversion of forest to agricultural land. The slash and burn cropping system in Madagascar is deeply rooted in the country's culture, although it was only sustainable when the population was low. Farmers first cultivated the lower parts of valleys and moved slowly uphill, allowing fields to go fallow for years at a time to naturally rebuild their soil nutrient stocks [21] . However, the country's population is rapidly increasing, so fallow periods are becoming shorter and productivity is declining forcing farmers to deforest hills at alarming rates. Styger et al. [21] estimate that at the current fallow use frequency a rainforest can transition to roranga within 20-40 years and depending on the number of fallow cycles may require a minimum of 20 years before it is again capable of rice production.
This pilot project's reforestation area consisted of 80% roranga, a vegetation category that is unsuitable for the production of many staple crops. If roranga is burned, it transforms into "impoverished grasslands" that are relegated to cattle grazing and managed with an annual fire regime as only the youngest growth is palatable to livestock [21] . These grazing areas do not regenerate and are referred to as dead lands in some areas of the country [21] . Therefore, the presence of large areas of roranga should be warning flags for communities that survive as subsistence farmers. The EPRP may prevent that final transitional step of roranga to dead lands and is a model that could be introduced to other communities that are also on the cusp.
To maximize the probability of obtaining both physical (i.e., increasing forest cover and protecting biodiversity) and nonphysical (i.e., boost income, improve health, and raise environmental awareness) objectives, the EPRP addressed numerous drivers of reforestation success summarized by Le et al. [49] . These range from the reliable production of high quality seedlings adapted to the environment to the careful consideration of socioeconomic factors that influence the long-term maintenance of forested areas. Other reforestation projects in Madagascar [13, 24, 60] demonstrated that community participation increased the probability of success. Recognizing the need for sustained community support, the EPRP drew local residents into the planning and implementation phases and included landholders and nonlandholders.
The signing of contracts by individuals and government officials delineating the boundaries of reforested areas and stating the ownership of forest products assists with addressing future concerns that may arise related to tenure security. The development of business plans addressing harvesting, marketing, and distribution of profits intends to keep this reforestation model economically and financially viable for participating communities. A checks and balances system will be developed in collaboration with the local environmental enforcement body that outlines appropriate penalties for violation of land use laws. The Madagascar government is transferring management of a portion of its protected lands throughout the country to these small environmental enforcement organizations.
Madagascar's declining ability to effectively respond to natural disasters coupled with political instability highlights the need for grassroots efforts that combat apathy and empower individuals and communities. With the highest rate of poverty in Africa [63] , Malagasy communities are unable to rely on governmental assistance and therefore must leverage their own resources to sustain themselves. The EPRP promotes a model that protects those resources, provides income via responsible long-term agricultural practices, and has the possibility of functioning without the continued presence of an NGO.
